The recently identified Fas antigen (Ag) is a cell surface molecule that can mediate apoptosis. The cytoplasmic product of proto-oncogene bcl-2has been shown to prolong the cellular survival by inhibiting apoptosis. To elucidate the physiologic significance of expression of both molecules, we examined the expression of Fas Ag and bcl-2 on blood leukocyte populations and evaluated their sensitivity to the cytolytic action of anti-Fas antibody. Although Fas Ag was expressed on a fraction of lymphocytes, both neutrophils and monocytes expressed Fas Ag constitutively. In contrast, there was a marked difference among these leukocytes regarding bcl-2 expression. Lymphocytes expressed bcl-2 intensely, but monocytes showed weaker bel-2 expression, and neutro-ROGRAMMED CELL DEATH, termed apoptosis, is a physiologic suicide mechanism for maintaining cellular homeostasis in a variety of tissues by removing unnecessary cells.' Although the ultimate event of apoptosis is the activation of endonuclease leading to DNA fragmentation in dying cells,2 growing evidence is being presented that apoptosis is tightly controlled by various gene products which promote the cell death or extend the cellular s~rvival.~ Among them, the Fas/APO-l antigen (Ag) has recently been identified as the putative surface molecule capable of transducing apoptotic signals into ~e l l s . 4~ Its molecular cloning has shown that the FadAPO-l Ag has a structure similar to the receptors for tumor necrosis factor (TNF) and nerve growth factor. Another unique gene is the proto-oncogene bcl-2 that was originally discovered at the chromosomal breakpoint of t( 14; 18) found in human follicular
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It is now proposed that the product of the bcl-2 gene may play a crucial role for the survival of hematolymphoid cells' that has been verified by a number of experimental trials, involving the introduction of the bcl-2 gene into cells or the making of transgenic mice with the gene.'""* An immunohistological study has disclosed the topographic localization of bcl-2 expression in the tissues characterized by apoptosis." Apoptosis appears to be an important regulator of immune response and inflammation during viral and bacterial infect i o n~. '~ In a prior report, we described a spontaneous apoptosis of activated (CD45RO+) T cells in infectious mononucleosis induced by Epstein-Barr virus infection, indicating a physiologic deletion of peripheral T cells expanded by viral infection." We found that expression of Fas Ag was observed on activated (CD45RO') T cells in mononucleosis patients. Nevertheless, Fas Ag was also expressed on memory (CD45RO') T cells from normal persons, implying that they were activated in vivo.I6 Unlike mononucleosis T cells, memory (CD45RO') T cells from normal persons were relatively stable in vitro. We have recently reported that bcl-2 expression was lacking on activated (CD45RO') T cells in acute infectious mononucleosis, supporting their tendency toward spontaneous apoptosis, whereas normal CD45RO' T cells showed intense bcl-2 expression." It is well-known that human neutrophils have the shortest half-life among blood leukocytes and rapidly undergo apoptosis in vitro.'*-*" phils were essentially absent for bcl-2 expression. Seemingly reflecting this lack of bcl-2 expression, neutrophils more easily underwent apoptotic cell death in vitro as compared with monocytes and lymphocytes. We showed that anti-Fas antibody effectively accelerated apoptotic cell death in neutrophils. However, the apoptosis-inducing effect of anti-Fas antibody was minimal on monocytes, and lymphocytes were resistant to this antibody. These results suggest that antiFas-mediated cell death may, in part, be determined by bcl-2 expression status in Fast lymphoid and hematopoietic cells. 0 1994 by The American Society of Hematology.
In culture conditions containing serum or other stimuli such as lipopolysaccharide, monocytes (as compared with neutrophils) are longer-lived cells; however, in the absence of serum, monocytes progressively lose viability via an apoptotic cell death mechanism.*'.*" To learn the physiologic significance of the cellular expression of Fas Ag and bcl-2, we comparably investigated expression of Fas Ag and bcl-2 on lymphocytes, neutrophils, and monocytes in the normal blood and examined the apoptotic influence of anti-Fas antibody on these leukocyte populations. Here, we will show that bcl-2 expression may be associated with the survival and sensitivity to anti-Fas antibody in lymphoid and hematopoietic cells.
MATERIALS AND METHODS

Antibodies.
The development of anti-Fas monoclonal antibody (MoAb; IgM; MBL, Nagoya, Japan) has been described,z3 and Fas Ag staining was performed by the indirect method using fluorescein isothiocyanate (F1TC)-conjugated goat antimouse IgM antibody (Tago, Burlingame, CA). 16 The DAKO bcl-2, 124 MoAb (IgGI) against human bcl-2 (Dako Japan, Kyoto, Japan) was generated by immunization with synthetic peptides of bcl-2 protein.z4 FITCconjugated rabbit antimouse IgGl antibody (Zymed Laboratories, San Francisco, CA) was used as the second antibody for bcl-2 staining. FITC-conjugated anti-CD16 (OKNK), anti-CD14 (OKM14), and anti-CD20 (OKB20) MoAb were purchased from Ortho Diagnostic Systems (Tokyo, Japan).
Cell preparation. Heparinized blood from healthy adult volunteers was mixed with S% dextran in phosphate-buffered saline (PBS; pH 7.3) in a ratio of 4.1 and was allowed to settle at 37°C for 30 minutes. The buffy coat was layered onto the Ficoll-Hypaque density gradient and was centrifuged for 40 minutes at 4003 at room temperature. Granulocytes were recovered from the pellet of the gradient by lysis of contaminated erythrocytes in 0.83% NH,CI buffer. Granulocytes were greater than 98% pure, as assessed by May-GiundwaldGiemsa staining. Mononuclear cells from the gradient interface were further separated into E-rosetting (E+) and nonrosetting ( E~~) cells by the rosette formation with 2-aminoethylisothiouronium bromidetreated sheep red blood cells, followed by Ficoll-Hypaque gradient centrifugation as described." Monocytes were obtained from Ecells by depletion of contaminated CD16' natural killer (NK) cells and CD20' B cells with an electronic sorting using an Epics ELITE flow cytometer (Coulter Electronics, Inc, Hialeah, FL) to decrease possible activation of monocytes. The monocyte population was greater than 9S% CD14+. For convenience, E+ cells, although they consisted mainly of T cells and of some NK cells, were used as the lymphocyte population. In some experiments, lymphocytes were stained for Fas Ag, and separated using the flow cytometer into two populations, one with and one without Fas expression.
Flow-cytometric analysis of expression of Fus Ag and hcl-2. Immunofluorescence analysis of Fas expression on lymphocytes, monocytes, or neutrophils was performed as described." In brief, the cells were incubated with anti-Fas or irrelevant control antibody, washed, and treated with FITC-conjugated antimouse IgM. For flow-cytometric evaluation of intracellular bcl-2 in individual cells, the cells were fixed in 4% paraformaldehyde in PBS and permeabilized in 0.1% Triton X-l00 in Tris-buffered saline (pH 7.4) as described." The fixed, permeabilized cells were incubated with anti-bcl-2 antibody or with an irrelevant control antibody, rinsed, and treated with FITCconjugated antimouse IgGl antibody. The incubation with antibodies was for IS minutes on ice, followed by 2 washes in PBS containing 3% fetal bovine serum and 0.1% sodium azide. The stained cells were analyzed on a Cytoron Absolute flow-cytometer (Ortho Diagnostic Systems).
Western blot analysis for bcl-2. Western blot analysis for bcl-2 was performed as described." The cells were lysed in 10 pLUl0' cells of the lysing solution (l% Triton-X 100; 150 mmol/L NaCI; 10 mmol/L Tris-HCI, pH 7.6; S mmol/L EDTA; and 2 mmol/L phenylmethylsulfonyl fluoride) for 30 minutes on ice. The lysed cells were centrifuged for 10 minutes at 15,000g to remove nuclei, and supernatants were diluted in the same volume of Laemmli's sample buffer. Samples were electrophoresed in the sodium dodecyl sulfate-polyacrylamide 10% to 20% gradient gel and electroblotted on nitrocellulose filters. Blots were blocked in S% skim milk in PBS for I hour, treated with anti-bcl-2 antibody for I hour, and then incubated with peroxidase-conjugated antimouse IgG antibody (Amersham International plc, Amersham, UK) for 60 minutes. Immunoblots were developed by the ECL Western blotting detection system (Amersham International plc).
Cell culrure. Isolated lymphocytes, monocytes, and neutrophils were suspended in RPMI-l640 medium supplemented with S% human AB serum, 20 mmol/L N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid, 2 X 10" mol/L 2-mercaptoethanol, 0.3 mg/mL L-glutamine, 200 U/mL penicillin G, and 10 mg/mL gentamicin (culture medium). The cells were cultured at 1 X IOh/rnL in 12-mm X 75-mm polypropylene tubes (Falcon; Becton Dickinson CO, Lincoln Park, NJ) to minimize adherence and subsequent activation during incubation at 37°C in a humidified incubator of S% CO2 in air. In some experiments, the cells were incubated in the presence of 0.3 pg/mL anti-Fas antibody to examine the cytolytic effect of anti-Fas antibody on each cell population. In addition, the effect of recombinant preparations of human granulocyte-macrophage colony-stimulating factor (GM-CSF; Sankyo. Tokyo, Japan), interleukin-lo ( L I B : Otsuka Pharmaceutical CO, Osaka, Japan), and TNFp (Suntory, Osaka. Japan), and IL-6 (a kind gift of Dr 'l. Hirano.
Osaka University, Osaka, Japan) on neutrophil apoptosis was exanined in the presence and absence of anti-Fas antibody.
Idenfijication ofupuptotic cells. Apoptotic cells that appeared in cultured cells were estimated on
May-Giundwald-Giemsa-stained cytocentrifuged preparations under a light microscope as described.15 DNA frugmenfafion assay. DNA fragmentation in cultured cells was quantitated by the diphenylamine method as described.'" The cells were pelleted in an Eppendorf microfuge by centrifugation at S00g for S minutes and were lysed with lysing solution (OS'% Triton X-100, 10 mmoln Tris-HCI (pH 7.51. 2 mmol/L EDTA) for 15 minutes on ice. The lysate was centrifuged at 13,000g for 20 minutes to separate intact from fragmented chromatin. The supernatant was placed in a separate microfuge tube, and both pellet and supernatant were precipitated in 12.5% tricholoroacetic acid overnight at 4°C. The precipitates were sedimented at 13,00013 for S minutes. resuspended in 80 mL of S% tricholoroacetic acid, and heated at 90°C for 10 minutes. Subsequently, 0.16 mL of diphenylamine reagent (0.1 S g diphenylamine, 0.15 mL sulfuric acid, 0.05 mL acetaldehyde [ 16 mg/mL stock]/l0 mL glacial acetic acid) was added t o each tube. After overnight color development, 0.2 mL of each sample was transferred to each well of a 96-well flat-bottomed plate, and the optical densities at S70 nm were read in a microplate spectrophotometer. Percentage of DNA fragmentation refers to the ratio of DNA in the supernatant to the iota1 DNA recovered in the supernatant and pellet.
DNA electrophoresis. DNA fragmentation in cultured cells was assessed by electrophoresis in agarose gels as a modification of the method of Ishida et al." In brief, harvested cells (2 X 10') were centrifuged at S00g for S minutes and washed twice with PBS. The cell pellet was lysed for 10 minutes on ice in 0.5 mL of a buffer containing 10 mmol/L Tris-HCI (pH 7 . 3 , I O mmol/L EDTA, and 0.2% Triton X-100. The lysate was centrifuged at 13,000g for I O minutes in an Eppendorf microfuge. The supernatant containing RNA and fragmented DNA was extracted with phenol and then with phenol-ch1oroform:isoamyl alcohol (24: l). The aqueous phase was performed at 300 mmol/L NaCI, and nucleic acids were precipitated with I rnL of absolute ethanol at -20°C overnight. The precipitates were rinsed with 70% ethanol, were air-dried, and were dissolved in 10 mL of 10 mmol/L Tris buffer (pH 7.5) with I mmolUL EDTA
. After digesting RNA with I mg/mL RNase A at 37°C for 3 hours, the sample was electrophoresed in a 1.6% agarose gel with 40 mmol/ L Tris-acetate buffer (pH 8.0) containing 1 mmol/L EDTA. DNA was directly visualized by ethidium-bromide staining.
Staristical ana/ysis. Data were analyzed for statistical significance using Student's t-test.
RESULTS
Differential expression of Fas
Ag and bcl-2 by leukocyte populations. By immunofluorescence analysis, we first examined expression of two apoptosis-related molecules (ie, Fas Ag and bcl-2) on lymphocytes, monocytes, and neutrophils. We have described a preferential expression of Fas Ag on memory but not naive populations of T and B cells.16 Naturally, expression of Fas Ag was bimodally distributed on the whole lymphocyte population (Fig 1) . Intriguingly, the Fas Ag was constitutively expressed on both neutrophils and monocytes. Importantly, it was found that there was a marked difference among leukocyte populations concerning cytoplasmic expression of bcl-2. As can be seen in the Fig  1, lymphocytes expressed bcl-2 bcl-2 expression on monocytes was somewhat weaker. In contrast, neutrophils appeared to be essentially absent for bcl-2 expression. Such a discrepant expression of bcl-2 among leukocyte populations could be confirmed by Western blot analysis (Fig 2) .
In vitro spontaneous apoptosis of leukocyte populations. We examined spontaneous apoptosis in lymphocytes, monocytes, and neutrophils. For this purpose, each isolated leukocyte population was cultured without any humoral factors. Apoptotic cell death in each population was evaluated by the enumeration of morphologically apoptotic cells and the quantitation of DNA fragmentation (Fig 3) . Lymphocytes remained relatively stable for 24 hours of incubation. In contrast, neutrophils easily underwent apoptotic cell death on culturing as a result of being associated with marked DNA fragmentation. Twenty-four hours after incubation, no viable cells were identified in cultured neutrophils by flowcytometric analysis" or by trypan blue exclusion (data not shown). Only a small fraction of cultured monocytes showed 26 k D a 4 -q- Fluorescence Intensity apoptotic changes, with mild DNA fragmentation. These observations suggested that the tendency to undergo apoptosis in vitro might correlate with bcl-2-expression level in each leukocyte population.
Effect of anti-Fas antibody on apoptosis in leukocyte populations. Based on the observations above that Fas Ag was invariably expressed, but that bcl-2 expression differed, on lymphocytes, monocytes, and neutrophils, we next asked whether cellular sensitivity to the apoptosis-inducing ability of anti-Fas antibody might be determined by bcl-2-expression status in each leukocyte population. To explore this question, lymphocytes, monocytes, and neutrophils were cultured with or without anti-Fas antibody, and DNA fragmentation in each cultured cell was quantitated after 12 and 24 hours of incubation (Table l ) . DNA fragmentation in lymphocytes, whether Fas' or Fas-, was not induced by antiFas antibody. However, low but significant levels of DNA fragmentation were induced in monocytes cultured with antiFas antibody, especially at 24 hours of incubation. The striking finding was that anti-Fas antibody markedly augmented DNA fragmentation in cultured neutrophils, although substantial DNA fragmentation in neutrophils was observed even in the absence of anti-Fas antibody. Corresponding to marked DNA fragmentation, morphologic evaluation disclosed that apoptotic changes of neutrophils were significantly facilitated by the presence of anti-Fas antibody in culture (Fig 4) . However, only a small portion of monocytes cultured with anti-Fas antibody became apoptotic, and this antibody rendered only few lymphocytes apoptotic. We found that as little as approximately 30 ng/mL of anti-Fas antibody was sufficient for rapid induction of apoptosis in cultured neutrophils (data not shown). As shown in Fig 5, rapid acceleration of apoptotic cell death in neutrophils by anti-Fas antibody was validated by DNA laddering on electrophoresis in agarose gel. 
Anti-Fas antibody induces apoptosis in neutrophils rescued by cytokines. Some inflammatory cytokines has been shown to prevent neutrophil apoptosis, indicating cytokine regulation of neutrophil survival in inflammatory
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.-phils (data not shown). As shown in Table 2 belongs to the family of TNF receptors, has now emerged as an important cellular component that mediates an apoptotic cell death in hematopoietic and lymphoid cells.3"3' The cross-linking with antibodies against this Ag has been shown to induce apoptotic cell death in some positive cell However, sensitivity of positive cells to apoptotic action of the antibody has been observed to vary from cell to ~e 1 1 , '~~'~ as is the case with TNF.'X We have found that some T-cell lines were refractory to the apoptosis-inducing ability of antiFas antibody, whereas other T-cell lines were sensitive to this antibody.'y Our previous work has shown that anti-Fas antibody did not change the viability of short-term stimulated Fas Ag' T and B cells, nor did it change that of fresh memory T cells from normal donors." These observations suggest that induction of apoptotic cell death via the interaction between Fas/APO-I Ag and its ligand may require some other cellular conditions in hematopoietic and lymphoid cells.
There is accumulating evidence that the product of proto-oncogene bcl-2 functions as a repressor of apoptosis in hematopoietic and lymphoid cells.' In the present study, we comparably investigated expression of Fas Ag and bcl-2 on lymphocytes, monocytes, and neutrophils to elucidate the relationship between the molecules involved both in cell survival and in Fas-mediated cell death. Although lympho- cytes showed a bimodal distribution of Fas expression, Fas Ag was constitutively expressed on both monocytes and neutrophils. Irrespective of similar expression of Fas Ag, Fas+ lymphocytes, monocytes, and neutrophils showed different survival and susceptibility to apoptosis in vitro. Neutrophils had the shortest half-life among these leukocytes and easily underwent apoptotic cell death in vitro, which is consistent with previous
Monocytes were relatively longer-lived cells than neutrophils, although a few monocytes became to be apoptotic when cultured in vitro. Lymphocytes, whether Fas' or Fas-, remained relatively stable on culturing. This report indicated that the tendency of leukocyte populations toward spontaneous apoptosis might be inversely correlated with bcl-2 expression. Lymphocytes expressed bcl-2 intensely, and monocytes displayed detectable but lower levels of bcl-2. In contrast, neutrophils were absent for bcl-2 expression. In this regard, an immunohistologic evaluation for bone marrow specimens has disclosed that hcl-2 is present in precursor cells of all hematopoietic elements but is absent in their mature progeny.'' Mature polymorphonuclear cells are shown to be bcl-2-.
We showed that anti-Fas antibody could accelerate apop- viral infections. and most of them tend to enter spontaneous apoptosis in Furthermore, Itoh et al" have reported that transfection with human bcl-2 gene resulted in an inhibition of anti-Fas-mediated cell death in the murine cell line. However, this inhibition by bcl-2 expression was only partial.
Most recently, Suda et ala have successfully isolated cDNA for the putative Fas ligand, which was previously described to be expressed on the surface of rat cytotoxic T-cell hybrid0ma.J Interestingly, the amino acid sequence indicates that Fas ligand is a type I1 transmembrane protein that belongs to the TNF family. Although this study suggests the role of Fas ligand in T-cell-mediated cytotoxicity, the biologic significance of the Fas/APO-l Ag ligand system remains to be elucidated. Ogasawara et a13.' published a fascinating report that the administration of anti-Fas antibody resulted in lethal hepatitis in mice. They also observed decreased numbers of neutrophils in anti-Fas-injected mice. Taken together, it is feasible to suppose that the interplay of Fas/APO-I Ag and its ligand may be important for resolution of inflammatory and immune responses in the body.
In conclusion, we would like to propose that susceptibility to anti-Fas-mediated and spontaneous apoptosis in lymphoid and hematopoietic cells may be determined by some intracellular conditions. including bcl-2 expression. Recently, several genes with hcl-2-related sequences have been identified, some of which, after apoptotic stimuli. promote cell death rather than cellular survival'".'' Development of antibodies against products of these bcl-2-related genes will allow for understanding the fate of Fas/APO-l* hematolymphoid cells in inflammatory and immune responses. 
